Background Revision is technically more demanding than primary total joint arthroplasty (TJA) and requires more extensive use of resources. Understanding the relative risk of rerevision and risk factors can help identify patients at high risk who may require closer postsurgical care. Objectives/purposes We therefore evaluated the risk of subsequent revision after primary and revision TJA in the elderly (65 years or older) patient population and identified corresponding patient risk factors. Patients and Methods Using the 5% Medicare claims data set (1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006), we identified a total of 35,746 patients undergoing primary THA and 72,913 undergoing primary TKA; of these, 1205 who had THAs and 1599 who had TKAs underwent initial revision surgery. The rerevision rate after primary and revision TJAs was analyzed by the Kaplan-Meier method. The relative risk of revision surgery for primary and revision TJAs was compared using hazard ratio analysis.
Introduction
Despite the ability of TJA to improve the functional status and quality of life for many patients [17, 23] , 18% of THAs and 8% of TKAs performed annually in the United States are revision procedures [15] . Compared with primary TJA, revision TJA is technically challenging and may require extensive surgical exposure and careful management of periprosthetic bone loss [6] . The complexity of revision TJA also is reflected by the higher hospital cost, longer length of stay, and longer operative time compared with primary procedures [3, 4] . With revision procedures accounting for approximately 19% and 8% of Medicare reimbursements for all THAs and TKAs [22] in the United States, respectively, revision procedures place a tremendous economic burden on the Medicare system. Medicare reimbursements for revision TJA have been projected to exceed $8.5 billion by 2015 [16] .
Revision TJAs are associated with elevated risks of complications such as dislocations, infections, venous thromboembolism [9, 14, 19, 24, 26] , and mortality [19, 26] . Improvement in quality of life after revision surgery also may be more limited in comparison to primary TJA [18, 23] . Furthermore, previous studies have reported the risk of rerevision for patients undergoing TKA to range from 11% to 19.8% at 5 years and those for patients undergoing THA to be as much as 16.1% at 3 years and 19.4% at 5 years [1, 11, [30] [31] [32] [33] . However, these data were obtained from patient cohorts at single institutions [31] [32] [33] or by international registries [1, 11, 30] , but not for a large, nationally representative patient sample in the United States in which the patient profile or experience of the surgeon/hospital may differ [12, 13] . In the absence of a national joint replacement registry in the United States, national administrative claims databases such as the Medicare claims data set offer very large population-based samples for evaluating the epidemiology and outcomes of TJA [16, 19] .
Therefore, the objectives of this study were to (1) determine the relative risk of subsequent revision after primary and revision TJAs; and (2) identify predisposing patient risk factors for revision or rerevision in the elderly (65 years and older) Medicare patient population.
Methods and Materials
The 5% national sample of the Medicare claims database between 1997 and 2006 was used for retrospective review of the outcomes of patients undergoing primary THA and TKA in the elderly patient population. Using International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) code 81.51 and Current Procedural Terminology (CPT-4) code 27130, patients undergoing primary THA were identified. Similarly, patients undergoing primary TKA were identified using ICD-9-CM code 81.54 and CPT-4 code 27447. To limit the study to the elderly Medicare patient population, we excluded patients younger than 65 years. These patients also were excluded because patients younger than 65 years who enroll in Medicare typically qualify for benefits as a result of their unique health condition in terms of disability or end-stage renal disease. To limit the study to patients undergoing elective TJA, those diagnosed with bone cancer, metastatic cancer, fractures, or joint infection also were excluded. With these exclusions we identified a total of 35,746 patients undergoing primary THAs and 72,913 patients undergoing primary TKAs between 1997 and 2006.
Unique, encrypted Medicare beneficiary identifiers were used to follow these patients longitudinally throughout the 10-year study period. The patients (primary cohort) were tracked longitudinally after their primary procedure to identify subsequent admissions for an initial revision surgery. THA revisions were identified by the ICD-9-CM codes 81.53 and 00.70 to 00.73 and CPT-4 codes 27134, 27137, and 27138, whereas TKA revisions were identified by ICD-9-CM codes 81.55 and 00.80 to 00.84 and CPT-4 codes 27486 and 27487. This subset of patients having revision surgery (revision cohort) then was followed again to identify subsequent admissions for rerevision surgery. Patients who died without undergoing revision or rerevision surgery were considered censored and the longevity of their respective TJA was calculated up to the date of death. Each beneficiary's enrollment status and date of death were identified in the annual Medicare denominator files. The overall revision probability for each primary and revision cohort at 5 years followup was analyzed by the KaplanMeier method.
Hazard ratio analysis (Cox regression) was used to determine the relative risk of revision surgery at 5 years followup for the revision cohort compared with at 5 years followup for the primary cohort. This analysis was adjusted for age, gender, race, and comorbidity. The preexisting health status of each patient was determined using the Charlson comorbidity index [7] and categorized according to their overall degree of comorbidity. The Charlson comorbidity algorithm uses 19 categories of diseases based on diagnosis and surgeries indicated in a patient. A weight with values of 1, 2, 3, or 6 is assigned to each category and the final index is a composite value representing the overall degree of comorbidity. For this analysis, the Charlson index values were grouped into previously established categories [21] : 0 (none), 1-2 (low), 3-4 (moderate), and C 5 (high).
Results
During the study period, 1205 of the 35,746 patients undergoing primary THAs and 1599 of the 72,913 patients undergoing primary TKAs underwent an initial revision surgery, providing patients for the revision cohorts ( Table 1 Age (p = 0.002 for THA; p \ 0.001 for TKA) and comorbidities (p \ 0.001 for THA; p = 0.027 for TKA) were associated with the risk of initial revision for the primary THA and TKA cohort at 5 years followup ( Table 2 ). In general, younger patients undergoing primary surgery ( Fig. 2) and patients with more comorbidities undergoing primary surgery (Fig. 3) had a higher risk of revision. For example, at 5 years followup, patients undergoing primary THA aged 70-74, 75-79, 80-84, and 85 + years had 15%, 20%, 26%, and 34% less likelihood (adjusted) of undergoing revision surgery than patients aged 65-69 years, respectively (Table 2) . Patients with a Charlson index score of C 5 undergoing primary surgery also had 68% and 40% greater risks of revision (adjusted) after THA and TKA, respectively, compared with those with a Charlson index score of zero (Table 2) . Black patients (p = 0.029) and male patients (p = 0.013) also had higher revision risk after primary TKA. The risk of a rerevision also was 49% greater (p = 0.023) for males after revision TKA (Table 3 ). The remaining factors were not associated with revision risk for patients undergoing primary THA or rerevision risk for patients undergoing revision THA or TKA.
Discussion
Revision TJA is more costly and surgically demanding than primary TJA, which places tremendous economic burden on the healthcare system [3, 4, 16, 22] and provides challenges during patient management and care [6, 8] .
Although patients undergoing revision surgery may have a greater risk of complications and mortality [9, 14, 19, 24, 26] , the risk of subsequent revision and the relative importance of various risk factors are unclear. Therefore, we sought to characterize the relative risk of subsequent revision after primary and revision TJAs and evaluate predisposing patient risk factors for revision in the elderly US Medicare patient population. Fig . 1A -B The percent of patients undergoing revision (A) THA and (B) TKA are shown (square symbols = revision cohort; no symbols = primary cohort). At 5-year followup, the overall survival probabilities were 95.9% and 97.2% for patients undergoing primary THA and patients undergoing TKA, respectively. The corresponding overall survival probabilities were 81.0% and 87.4% for patients undergoing revision THA and patients undergoing TKA, respectively. We acknowledge limitations to our study. First, owing to the administrative nature of the Medicare claims database, factors such as implant design, surgical technique, and obesity level are not recorded, thus preventing the analysis of these possible confounding factors [25, 29] . Second, the revision cohort included patients undergoing primary surgery who encountered their first revision surgery at any point during the 10-year study period, including those who underwent short-term and those who underwent longer-term revisions. Third, only patients undergoing revision surgery who had a primary arthroplasty during the study period were included, which provided a shorter followup time for the revision cohort and may have affected the ability to detect risk factors associated with rerevision. Fourth, we did not know the reasons for the revisions. An understanding of the specific reason leading to short-term and longer-term revisions may provide additional insight into the risk of rerevision surgery. However, evaluation of reasons for revision was not possible using the claims database until October 2005, when detailed ICD-9-CM diagnosis codes were introduced [2] . Fifth, information regarding the surgically treated side (laterality) is not provided for approximately 40% of the procedures in recent years. However, we previously found no difference in revision rates between beneficiaries regardless whether the surgically treated side was known [16] . Sixth, unmeasured patient characteristics may account for a large part in the hazard of revision or rerevision. Although our study incorporated various demographic factors, additional analyses using frailty models, which include the potential correlation between the time to the first revision and the time to the second revision, may provide additional insight. Seventh, our findings were based on the Medicare population aged 65 years and older; therefore, it is unclear if rerevision risk in the younger or nonMedicare TJA population is comparable. Despite these limitations, the Medicare claims database provides a large, nationally representative sample of the elderly patient population in the United States and provides a resource for longitudinal followup of outcomes after TJA.
We found Medicare patients who underwent a first revision procedure (revision cohort) were approximately five to six times more likely to undergo a second revision compared with patients who underwent a primary procedure undergoing their first revision (primary cohort). The Swedish National Hip Arthroplasty Register [11] also showed a comparable relative risk of revision for primary and revision cohorts, whereby a 65-year-old man with osteoarthritis is 4.8 times more likely to undergo rerevision compared with the risk of a first revision when the primary implant is revised within the first year after surgery. The overall rates of revision in our study also compare favorably with previous population-based registry studies [1, [30] [31] [32] [33] (Table 4 ). The poorer outcomes after revision surgery could be explained by the more technically demanding procedure, the additional loss of bone stock, or the prolonged operative time during revision procedures [3, 24] . The rerevisions also could be a consequence of the less-than-optimal outcome and the associated complications of the primary joint that preceded the revision procedure or a consequence of the original diseased joint.
We found patients with more comorbidities are more likely to need an initial revision. However, once a revision procedure is done, these patients have a similar likelihood of undergoing a subsequent revision, regardless of their preexisting health condition. In addition to revision surgery, comorbidities have been implicated in the risk of perioperative complications [10, 14, 25] and the overall functional status [28] . A possible implication is that patients should undergo stringent preoperative screening for preexisting health conditions and careful patient management and followup postoperatively so as to minimize the risk of an initial revision, which could progress to subsequent rerevisions. We also found younger patients in the Medicare population were at greater risk of having revision surgery after primary TJA, which may be attributed to their greater activity levels compared with older patients. However, the effects of patient age on revision risk appear variable in differing patient populations [1, 20] . Although higher rates of revision have been reported for younger Swedish patients undergoing primary THA [20] , the Australian National Joint Replacement Registry data suggest there were no age-related differences for patients undergoing primary THA [1] . However, increased revision rates were observed for younger patients in the Swedish [27] and Australian primary TKA populations [1] . Regarding outcomes after revision TJA, previous research shows rerevisions are more likely for younger patients [30, 33] in contrast to the lack of association between age and rerevision risk in our data. This lack of agreement may be the result of differences in patient profiles or case mix, although this could not be ascertained because patient comorbidities were not considered in the prior studies [30, 33] . These data provide an understanding of the risk of revision after primary and revision TJAs in the Medicare population. The greater risk of revision after a previous revision procedure could be the consequence of the technically demanding nature of revision surgery and/or of the suboptimal results from the initial primary procedure. Despite the surgical complexities, revision TJA is still a cost-effective means to improve function and relieve pain for patients with a failed primary implant [5] , although the reliability may not be as great compared with that of the original primary procedure [18, 23] . More stringent preoperative screening for preexisting health conditions or more attention to patient management and followup postoperatively for patients at high risk may help minimize the risk of an initial revision, which otherwise could lead to a significantly greater risk of rerevisions. * These rates reflect minor revision: head and/or insert exchange; the rate for major THA involving replacement of the replacement of the stem and cup was 8.2% at 3 years; reflect minor revision: patellar replacement and/or tibial insert exchange; the rate for major TKA involving the replacement of tibial and femoral components was 12.5% at 3 years.
